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1 Introduction
RAN2 discussed the Study Item “Support of Single-cell PTM transmission in LTE” [1] in RAN2#89, and it was decided to compare SC-PTM against MBSFN and unicast solutions. RAN2 also agreed to focus the SC-PTM study on the public safety use case. In this contribution, we will first do some qualitative analysis on the benefits of SC-PTM compared to MBSFN for public safety, and then we will compare the radio efficiency of SC-PTM and MBSFN by system simulations.
2 Qualitative analysis on the benefits of SC-PTM compared to MBSFN for public safety
To position LTE as technology for public safety, Group Communication System Enablers for LTE (GCSE_LTE) were introduced in Rel-12. In GCSE, group communication was specified based on the existing MBSFN technology with minimal enhancements (i.e. the only change was to reduce the MSP from 80ms to 40ms to reduce the media transport latency). For some reasons, the radio efficiency aspects were not studied in GCSE [2]. 
2.1 Dynamic broadcast area
MBSFN was specified in Rel-9, and it is a simulcast transmission technique realised by transmission of identical waveforms at the same time from multiple cells in a large area. An MBSFN transmission from multiple cells within the MBSFN area is seen as a single transmission by a UE, hence high operating SNR can be achieved. The main use case for MBSFN is mobile TV. MBSFN is a suitable technology for mobile TV, as it is assumed that users of interest are widely spread over the whole MBSFN area.
For public safety, the user distribution is quite different compared to mobile TV. According to TS 22.468 [3], a group might be geographically restricted, hence the group data only needs to be broadcast over a set of cells rather than the whole MBSFN area, like the policemen group in Figure 1. Even for groups without geographical restriction (i.e. of system wide scope), it is possible that the group members are concentrated on several cells (i.e. adjacent cells or non adjacent cells), like the firemen group in Figure 1. In both of the two cases, the MBSFN broadcast for one group may happen in cells where no group members exist, which is not efficient from the whole system perspective. 
Here, we would like to highlight that MBSFN area is statically configured (e.g. configured by O&M), and MBSFN area setup “on the fly” is not supported by the current specifications. More specifically, dynamic MBSFN area setup can’t be supported in the distributed MCE architecture. Discussion on the support of dynamic MBSFN area setup is out of the scope of this Study Item. Even if dynamic MBSFN area setup is supported, the inefficiency problem is still there, as multiple groups will share the same MBSFN area and PMCH, and consequently the group data still have to be broadcasted over an area that is larger than what is actually required. 
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Figure 1: Example of user distribution for Public Safety
Compared to MBSFN, SC-PTM is quite suitable for public safety, as the broadcast area can be dynamically decided cell by cell according to the group member location. For example, for the firemen group in Figure 1, the group data will only be broadcasted in the 3 cells where the firemen are located.

The MBSFN inefficiency problem has already been noticed, and correspondingly a Rel-13 SI [4] was created in SA2 to study improvements to the radio efficiency. The objective is to allow the establishment of MBMS bearers using target area information (e.g. a list of cell identifiers), as distinct from using an MBMS Service Area. In the SA2 SI, the MBSFN area concept will not be changed and the MBSFN areas are still statically configured (e.g. configured by O&M). With the target area information, the group data will only be broadcasted over the MBSFN area(s) with user located (e.g. MBSFN area 2 in Figure 2), instead of over all the MBSFN areas in the MBMS service area.
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Figure 2: Target MBSFN area selection in SA2 SI
In the SA2 SI, to maximize the radio efficiency for MBSFN transmission, a smaller MBSFN area is expected, e.g. the MBSFN area with 57 cells (3 rings of sites, for a total of 17 sites) or 21 cells (2 rings of sites, for a total of 7 sites). However, the radio efficiency is still worse than SC-PTM in some scenarios. We will evaluate the spectrum efficiency of SC-PTM and MBSFN for different scenarios by system simulations in section 3.
Observation 1: MBSFN area is statically configured (i.e. configured by O&M). For SC-PTM, the broadcast area is more dynamic (i.e. cell by cell based on user distributions) compared to MBSFN, which is more efficient from system perspective for public safety.
2.2 Agile scheduling and resource allocation
For MBSFN, a subset of radio resources (i.e. up to 6 subframes per radio frame) could be allocated as MBSFN subframes. The MBSFN subframes configuration is quite static, and it is configured by O&M according to e.g. the service data rate, the required MCS based on MBSFN area size and coverage target, etc. The MCCH provides necessary control information in a semi-static way for the UE to receive MBSFN broadcast, including subframe allocation and MCS. MBSFN transmission will occupy the entire system bandwidth, and multiplexing with unicast in the same subframe is not allowed. MBSFN is suitable for mobile TV, as in general the media content for mobile TV is pre-planned and the data rate is constant.
Public safety requires the system to support a varied multimedia content (i.e. voice, picture, video and/or PS data) in a dynamic fashion based on user demand. Also, for public safety, the number of active groups varies based on user demand. According to [5], the activity factor of public safety group calls is quite low, e.g. 1%. For public safety over MBSFN, in order to shorten the group call setup delay to fulfil the 300ms requirement, MBMS bearers will be pre-established. At the same time, in order to satisfy the potential concurrent group calls, many more MBSFN subframes than those effectively used will be booked. The consequence of the MBSFN subframes over-dimensioning is that MBSFN subframes might be wasted in case there are no available traffic data or no sufficient traffic data to broadcast, as shown in Figure 3. 
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Figure 3: Waste of radio resources for MBSFN due to static scheduling and resource allocation
Technically, the unused MBSFN subframes could be reused for DL unicast scheduling for TM9/10 UEs. However, it is questionable whether the waste of radio resources could really be avoided in practice. It is quite dangerous, for the successful deployment of public safety solution based on LTE, to rely on the large-scale TM9/10 UE support, especially for public safety system deployed over the carrier operator network, as operators can’t enforce existing UEs to be upgraded to support TM9/10.
Even if there is a large proportion of TM9/10 UEs in the network, we can notice that when there is no available traffic data to schedule, radio resources will still be unnecessarily consumed by the periodically transmitted “empty” MSI. The wasted radio resources are considerable when multiple MCHs are configured and the MSP is short (e.g. 40ms), which is summarized in Table 1. To minimize the radio resource waste caused by the periodically transmitted “empty” MSI, multiple groups can be configured to share the same MBMS bearer (hence share the same TMGI). However, this is not efficient especially from UE battery consumption perspective, as the UE has to receive and decode the group data that it actually has no interest in.
Table 1: Resource waste due to “empty” MSI (MSP=40ms)

	Number of configured MCH
	x% system resource wasted

	1 (29 MBMS bearers pre-established)
	2.5%

	5 (145 MBMS bearers pre-established)
	12.5%

	10 (290 MBMS bearers pre-established)
	25%

	15 (435 MBMS bearers pre-established)
	37.5%


In Rel-12, the feature called “Group Call MBMS Congestion Management” was introduced, to allow the RAN to quickly re-direct MBMS sessions to unicast in case MBMS resource is overloaded, so that RAN can better manage group MBMS resources. Although this feature could help to reduce the efficiency loss caused by the above-mentioned issues, SC-PTM would further improve the situation. Moreover, it not clear how the scalability could be ensured in case the MBMS session(s) to be re-directed to unicast is for a GCSE group call with a large number of users.
For SC-PTM, radio resources are dynamically assigned by PDCCH based on the real time traffic load TTI by TTI. If uplink CSI/HARQ feedback is enabled for SC-PTM, the radio resources can even be dynamically allocated based on the real time radio conditions and the correctness of UE receptions, i.e. to perform group specific link adaptation and HARQ retransmission. Both SC-PTM and unicast are PDSCH based transmissions and they have the same radio frame structure, hence the radio resources could be flexibly shared between them in one radio subframe, as shown in Figure 4. In conclusion, the spectrum resources can be fully utilized without any waste.
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Figure 4: Multiplex broadcast and unicast in one subframe for SC-PTM
Observation 2: For SC-PTM, the scheduling and radio resource allocation is based on PDCCH. This is more agile comparing to MBSFN, which is statically configured (i.e. configured by O&M). SC-PTM can efficiently and flexibly support the varied traffic load for public safety.
2.3 Efficient use of the physical channel
To enable the signal combining from the synchronized transmissions from multiple sites in a large area, MBSFN is designed to only support extended cyclic prefix. However, for public safety, this is actually not necessary when the broadcast area is small due to the fact that group members are localized. Compared to normal cyclic prefix, extended cyclic prefix will lead to 14.3% system capacity lost.
MBSFN is only transmitted on single antenna port (i.e. antenna port 4). Significant specification impacts are expected in order to support multiple antenna port transmission for MBSFN, e.g. the MBSFN reference signals need to be redesigned. SC-PTM transmission is based on PDSCH, hence the support of multiple antenna port transmission for SC-PTM comes for free, i.e. transmit diversity could be applied for SC-PTM to increase the radio efficiency and robustness.
Observation 3: SC-PTM is more efficient than MBSFN due to the support of multiple antenna port transmission. Moreover, when the broadcast area is small for public safety, SC-PTM is more efficient than MBSFN due to the support of normal cyclic prefix.
2.4 Easy network deployment

For MBSFN, broadcast data is sent over multiple tightly synchronized sites with identical transmissions. The synchronization between multiple sites could be achieved by e.g. GPS. However, it is always costly to synchronize the whole network for MBSFN deployment. Also, in some scenarios, e.g. RAN sharing scenario, it might be difficult to achieve the synchronization.
Comparing to MBSFN, the network planning and deployment for SC-PTM is quite easy. For SC-PTM, broadcast data is sent on a per cell basis and synchronization between multiple sites is not required. In case of critical situations (e.g. natural disaster or emergency rescue), with the help of SC-PTM, radio sites could be fast deployed to cope with the increasing communication demand on MCPTT.
Observation 4: For SC-PTM, the network deployment for public safety is easier comparing to MBSFN, as the broadcast is performed dynamically on a per cell basis and synchronization between multiple sites is not required.
2.5 Shorter latency 

In Rel-12 GCSE, RAN2 analyzed the latency for group communication over MBSFN and the results are captured in [3]. The end to end setup time requirement can be understood as a time for the establishment of the transmission path between the transmitting group member UE and the GCSE AS, hence it is the same for SC-PTM and MBSFN. 
For MBSFN, the time to setup and notify the receiving group members of the MBMS bearer setup for a new group communication is dominated by the MCCH modification period which can take the value 5.12s or 10.2s. In order to meet the requirement on the time for joining an ongoing group communication, MBMS bearers have to be pre-established. Table 5.2.1.1.2-1 in [3] shows the estimated latency for joining an ongoing group communication, and the average value is 275ms, which could satisfy the requirement of 300ms. However, the maximum value is 525ms (it is dominated by MCCH repetition period and MSP), which can’t satisfy the requirement. For SC-PTM, with proper design on the SC-PTM configuration signalling, a shorter latency can be achieved comparing to MBSFN.
Table 5.2.1.1.3-1 in [3] shows the estimated latency for end to end media transport. With the introduction of 40ms MSP, the latency will be approximately 120ms. For SC-PTM, considering that the delay caused by SYNC is not present and the DL scheduling is not necessarily restricted by MSP, a shorter latency for end to end media transport can be achieved. 
Observation 5: With a proper design, comparing to MBSFN, SC-PTM can support shorter group call setup latency, ongoing group call join latency and media transport latency for public safety.
3 System simulations
In this section, we will evaluate the spectrum efficiency for SC-PTM and MBSFN by system simulations.
3.1 Transmission schemes to be evaluated
We will evaluate the follow transmission schemes in the system simulations:

· Scheme 1: SC-PTM without UL feedback. The SC-PTM transmission does not consider any CQI or HARQ ACK/NACK feedback from the group members. The SC-PTM transmission will ensure 95% coverage with 1% BLER.

· Scheme 2: SC-PTM with UL feedback. According to the CQI and HARQ ACK/NACK feedback from group members, group specific rate adaptation and HARQ (re-)transmission is performed in the SC-PTM transmission. UL feedback from group member(s) in the worst radio condition will be ignored, with the target to ensure 95% coverage with 1% BLER. 
· Scheme 3: MBSFN transmission in single cell. MBSFN is transmitted only on the coverage of a specific cell, and there is no signal combining with the MBSFN transmission from other cells in the MBSFN area. The MBSFN transmission will ensure 95% coverage with 1% BLER.
· Scheme 4: MBSFN transmission in 57-cells MBSFN area (3 rings of sites, for a total of 17 sites). There is signal combining with the MBSFN transmission from other cells in the MBSFN area. The MBSFN transmission will ensure 95% coverage with 1% BLER.
· Scheme 5: MBSFN transmission in 21-cells MBSFN area (2 rings of sites, for a total of 7 sites). There is signal combining with the MBSFN transmission from other cells in the MBSFN area. The MBSFN transmission will ensure 95% coverage with 1% BLER.
3.2 Simulation assumptions and methodology
The simulation assumptions are provided in the appendix. 
The evaluation assumption and methodology for SC-PTM are the same as that in [7].
In the simulation, there is one group call (i.e. one MBMS bearer), where the group members per cell are 2, 4, 6, 8, 10, 15 and 20 UEs respectively.
The traffic model is full buffer in the simulation. Cells are fully loaded and will cause the maximum possible interface to neighbor cells. There is no interference co-ordination between neighbor cells.

In the SC-PTM with UL feedback scheme, channel dependent scheduling, e.g. MIMO, beam-forming, is not considered for the (re-)transmissions.
For MBSFN transmission schemes, both the scenario of MBSFN area with reserved cell (Figure 5 shows an example) and the scenario of MBSFN area without reserved cell are evaluated. The MBSFN area reserved cells are muted in order to avoid the interference to MBSFN transmissions.
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Figure 5: MBSFN deployment with MBSFN Area Reserved Cells (copied from [2])
For the MBSFN transmission schemes, we will evaluate the spectrum efficiency in different user distribution scenarios, i.e. we will consider the number of cells with user located in the MBSFN area in the evaluation. In order to compare the spectrum efficiency between SC-PTM and MBSFN, the spectrum efficiency for MBSFN will finally be weighted by the number of cells with user located in the MBSFN area, as for cells without user located the radio resources can actually be reused for other MBMS services. For example, if the MBSFN area consists of M cells but users are only located in N cells, the final spectrum efficiency for MBSFN is the spectrum efficiency obtained from the simulation, multiplied by N/M. For the scenario of MBSFN area with reserved cell, if the MBSFN area consists of M cells but users are only located in N cells and the number of reserved cell is R, the final spectrum efficiency for MBSFN is the spectrum efficiency obtained from the simulation, multiplied by N/(M+R).
3.3 Simulation results and observations
Table 1 captures the spectrum efficiency obtained from the simulation for different MBSFN scenarios, before they are weighted by the number of cells with user located in the MBSFN area as well as the number of reserved cells if MBSFN area reserved cells are deployed.

Table 1: Spectrum efficiency for different MBSFN scenarios (before weighted)
	MBSFN scenarios
	Spectrum efficiency (bits/s/Hz)

	MBSFN（57Cells w/o reserved cell）
	0.477

	MBSFN（57Cells with reserved cell）
	1.381

	MBSFN（21Cells w/o reserved cell）
	0.398

	MBSFN（21Cells with reserved cell）
	1.207

	MBSFN (Single Cell w/o reserved cell)
	0.273

	MBSFN (Single Cell with reserved cell)
	0.398


Figure 6 shows the comparison between SC-PTM and MBSFN on spectrum efficiency when the MBSFN area is 57 cells, wrt different number of cells with UE located within the MBSFN area. We have the following observations:
1) Higher spectrum efficiency could be obtained by the MBSFN area reserved cells, due to less interference from neighbouring cells.
2) For SC-PTM without feedback, if the number of cells with UE located is less than 26, the spectrum efficiency is higher than MBSFN area with reserved cells. When the number of cells with UE located continues increasing, it will go to the opposite. For SC-PTM without feedback vs. MBSFN area without reserved cells, the breakpoint is 47 cells.
3) For the comparison between SC-PTM with feedback and MBSFN, the breakpoint on spectrum efficiency is even larger than that in the comparison between SC-PTM without feedback and MBSFN. This is because the spectrum efficiency of SC-PTM with feedback is always higher than SC-PTM without feedback (please see [7] for more evaluation). When there are two UEs per cell, the spectrum efficiency of SC-PTM with feedback is always higher than MBSFN, no matter how many cells in the MBSFN area are with UE located.
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Figure 6: SC-PTM vs. MBSFN (57-cell MBSFN area, 33 reserved cells if MBSFN area reserved cells are deployed)

Figure 7 shows the comparison between SC-PTM and MBSFN on spectrum efficiency when the MBSFN area is 21 cells, wrt different number of cells with UE located within the MBSFN area. We have the following observations:

1) Compared to the 57-cell MBSFN area case, the spectrum efficiency of MBSFN can be better than SC-PTM only if more cells are with UE located. For example, for SC-PTM without feedback, the spectrum efficiency will be higher than MBSFN area with reserved cell if the number of cells with UE located is less than 14. For MBSFN area without reserved cell, the spectrum efficiency can be higher than SC-PTM without feedback only in case all the cells in the MBSFN area are with UE located. 

2) The spectrum efficiency of SC-PTM with feedback is always higher than MBSFN area without reserved cell, no matter how many cells in the MBSFN area are with UE located.
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Figure 7: SC-PTM vs. MBSFN (21-cell MBSFN area, 21 reserved cells if MBSFN area reserved cells are deployed)
Figure 8 shows the comparison between SC-PTM and single cell MBSFN on spectrum efficiency, wrt different number of UEs per cell. For MBSFN, it can be observed that the spectrum efficiency will be even worse when there are reserved cells around the MBSFN area. This is because the interference avoidance gain caused by reserved cells is less than the pain caused by additional resource consumption by reserved cells. Moreover, it can be observed that the spectrum efficiency of single cell MBSFN is always lower than SC-PTM (with and without UL feedback), this is because MBSFN only supports single antenna port transmission and extended cyclic prefix.
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Figure 8: SC-PTM vs. MBSFN (single-cell MBSFN area, 6 reserved cells if MBSFN area reserved cells are deployed)
4 Conclusion

In this contribution, we compared SC-PTM and MBSFN for public safety.

We first did some qualitative analysis on the benefits of SC-PTM compared to MBSFN, and we have the following observations:

Observation 1: MBSFN area is statically configured (i.e. configured by O&M). For SC-PTM, the broadcast area is more dynamic (i.e. cell by cell based on user distributions) compared to MBSFN, which is more efficient from system perspective for public safety.
Observation 2: For SC-PTM, the scheduling and radio resource allocation is based on PDCCH. This is more agile comparing to MBSFN, which is statically configured (i.e. configured by O&M). SC-PTM can efficiently and flexibly support the varied traffic load for public safety.
Observation 3: SC-PTM is more efficient than MBSFN due to the support of multiple antenna port transmission. Moreover, when the broadcast area is small for public safety, SC-PTM is more efficient than MBSFN due to the support of normal cyclic prefix.
Observation 4: For SC-PTM, the network deployment for public safety is easier comparing to MBSFN, as the broadcast is performed dynamically on a per cell basis and synchronization between multiple sites is not required.

Observation 5: With a proper design, comparing to MBSFN, SC-PTM can support shorter group call setup latency, ongoing group call join latency and media transport latency for public safety.
We then compared the spectrum efficiency of SC-PTM and MBSFN for different scenarios by system simulations, and we observed that SC-PTM is more efficient when UEs are only located in some cells of the MBSFN area. We also observed that SC-PTM is always efficient than single cell MBSFN.

Based on the above observations, we have the following proposals:

Proposal 1: Agree on the above 5 observations and capture them into TR 36.890.
Proposal 2: Agree that SC-PTM is more efficient than MBSFN when UEs are only located in some cells of the MBSFN area, and capture the simulation results into TR 36.890.
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6 Appendix

Table 2: Simulation assumptions

	Parameter 
	Assumption 

	Channel model 
	ITU 

	Deployment scenario 
	Rural macro-cell 

	Cellular layout 
	19 cell sites, 3 sectors per site 

	Inter-site distance 
	1732m 

	Penetration Loss  
	0 

	Carrier frequency 
	800MHz 

	Duplex method and bandwidth 
	FDD, 10MHz 

	UE speed
	3km/h 

	Macro cell antenna gain 
	15.0 

	UE antenna gain 
	0 

	BS TX power 
	46dBm 

	UE TX power 
	23dBm 

	UE distributions
	Randomly uniform drop in cell

	Traffic model 
	Full buffer

	Downlink transmission scheme for Unicast
	SU-MIMO

	Downlink transmission scheme for SC-PTM
	TxD 

	Antenna configuration 
	2x2 

	Antenna configuration at BS 
	Uncorrelated cross-polarized:
Columns with +-45deg linearly polarized antennas 

	Antenna configuration at MS 
	0.5 wavelengths between antennas at MS 

	Downlink receiver type 
	MMSE-IRC 

	Downlink HARQ scheme 
	CC up to 3 re-transmissions 

	Overhead consumption for Unicast and SC-PTM
	0.708 

	Non-MBSFN region length
	2 symbols
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